Keywords: parameters of transformer; internal fault; simulation; mathematical model. Abstract. In this paper, in the neglect of the core of the magnetic hysteresis, eddy current effect and the core skin effect and based on the analysis and summary of previous experience, an analytical method to determine the parameters of the transformer's turn to turn short circuit fault is improved and perfected in order to determine the parameters of the transformer when the turn-to-turn fault and turn-to-ground fault happens at any position of the transformer. Through the mathematical model of transformer after fault, we can obtain the node voltage equation of the simulation network. And then we adopt three principles to calculate the unknown parameters in the node voltage equation we obtained before. Simulation results verify the effectiveness of the proposed algorithm.
Introduction
For transformer internal fault model, there are two methods for calculating the parameters: divide the coil into several units according to the structure of transformer coil and fault types, and calculate the inductance parameters between these unit coils directly; regard the inductance parameter of the normal operation of the transformer as the known quantity, and the inductance parameters of the fault transformer are determined by solving the equations. The first method requires to calculate the distribution of leakage magnetic field in transformer internal fault, it is very complex to calculate, so this paper uses the second method [1] .
In this paper, due to the need for problem we study, the appropriate simplification can be adopted. In the neglect of the core of the magnetic hysteresis, eddy current effect and the core skin effect and based on the analysis and summary of previous experience, an analytical method to determine the parameters of the transformer's turn to turn short circuit fault is improved and perfected in order to determine the parameters of the transformer when the turn-to-turn fault and turn-to-ground fault happens at any position. Through the mathematical model of transformer after fault, we can obtain the node voltage equation of the simulation network. Simulation results verify the effectiveness of the proposed algorithm.
Mathematical Model of Transformer Internal Fault Simulation
The simulation model of the transformer must be able to simulate all the operating conditions for the algorithm, and the internal fault simulation of the transformer can be performed particularly. EMTP provides the self inductance and mutual inductance of the simulation algorithm and the branch number is not restricted, so we can regard the transformer as the self inductance and mutual inductance branch composed of the coils. So the mutual coupling branch model in the ATP can be used to simulate transformer. The normal transformer can be regarded as combination of several mutual magnetic coupling branches [2] . If the turn-to-turn fault or turn-to-ground fault in a certain coil of the transformer occurs, then coil in which the turn-to-turn fault occurs can be viewed as two coupling coils separately, and the transformer in which the turn-to-ground fault occurs can be considered as three mutual coupling independent coils.
International Conference on Advances in Energy and Environmental Science (ICAEES 2015) Take three-phase double-winding transformer as an example to describe the above principles in detail. Under normal circumstances the three-phase double-winding transformer can be regarded as six branches in which mutual inductance exists, as is shown in Fig.1 
R is the resistance of each coil in Fig.1 , and i L is the self-inductance of the coil, ij M is the mutual inductance between coil i and j（ (1, 2, 3, 4, 5, 6 )
We divide the internal fault of transformer into two types: turn-to-turn fault and turn-to-ground fault, Fig Fig.3 is a schematic diagram of the transformer when turn-to-turn fault occurs. Similarly, the transformer can be seen at this time as eight mutual inductance branches, and represented by eighth-order inductance matrix and eighth-order resistance matrix. The main purpose of this paper is to determine the parameters of corresponding [R] and [L] in the seventh-order matrix or eighth-order matrix when turn-to-turn fault or turn-to-ground fault occurs by using the analytic method, and the use EMTP to simulate the current when turn-to-turn fault or turn-to-ground fault occurs.
Short Circuit between Turns and Ground
When the transformer turn-to-ground short circuit occurs, it is equivalent that a tap is extracted from a certain coil, as is shown in Fig.2 . The parameters in matrix [R] and [L] of the transformer changes into seventh-order matrix respectively, as is shown in formula (2) .
In view of the convenience of problem analysis and practical needs of the project, in the matrix (2), the parameters of the non-fault coil can be considered as the same before and after the fault [3] . For example 1 R , 2 R , 4 R , 5 R and 6 R , unknown parameters are a R and b R , they can be expressed as 
In matrix [L], Some parameters associated with the non-fault coil can be considered to be approximately constant, for example 1 L , 5 L , 12 M , 61 M and so on. And some parameters related to the fault coil is changed before and after the fault, for example a L , b L , 1a M , 6b M and so on. Therefore, we need to determine the changes of the parameters of the transformer after the fault.
For the calculation of the fault parameters of the transformer after fault, the following three principles are used in this paper.
(1) the principle of consistency When using the 7 * 7 matrix to analyze turn-to-ground fault, series connection of the coil a and the coil b is equivalent to 6 * 6 matrix, as is shown in Fig.4 . (2). (2) leakage coefficient The transformer current when turn-to-ground fault occurs largely depends on the size of the magnetic flux leakage, therefore, the magnetic flux leakage factor between coil a and coil b must be considered [5] . Magnetic flux leakage factor can be expressed as:
(3) proportionality It can be approximated that self-inductor of wingdings is proportional to the square of number of turns. This can meet the requirements of accuracy in the case of a very small leakage coefficient. Consider the above three equations. k represents where the location of the fault is said to occur. n a and n b can be used as the known quantity in the fault transient simulation software, therefore, we can use equation (6), (7) and (8) 
The method of solving the mutual inductance between coil a and the other coils is discussed below. Generally speaking, mutual induction before and after the fault complies with following equation:
3iaibi MMM =+ (12) In general, the mutual inductance of the winding is proportional to the number of turns [6] , that is:
By the formula (12) and (13) we can obtain:
By using the similar method, the parameters of [L] and [R] in the 8 * 8 order matrix corresponding to the turn-to-turn short circuit can also be obtained.
Internal Fault Simulation of Transformer
In this paper, the correctness of the algorithm is verified by the example of the Dy11 connection of t ransformer. The power supply parameter: amplitude of rated voltage is 120V, frequency is 50 Hz, in ternal resistance is 0.002 ohm, reactance is 0.062 ohm; line parameter: resistance is 0.003 ohm, react ance is 0.094 ohm; The parameters of three-phase transformer are as follows: rated voltage 115/30022.5% UV =±× ; winding resistance 0.2/0.8 R =Ω ; leakage reactance: 0.002/0.01 LH = . In Fig.5 , the fault occurs on the A phase winding of the high voltage coil, and the short circuit oc curs at the point of 20% of the winding. The A,B,C three-phase current, as shown in Fig.6 , are obtai ned by using the above simulation method: 
Conclusion
Due to the development of fault diagnosis and relay protection technology for electrical equipment, higher requirements for the understanding of the fault mechanism of the main electrical equipment are put forward. Especially for large transformer relay protection, only accurate analysis of the changes of the physical quantities in the transient and steady state of the transformer fault operation is carried out, and distribution and laws of the transformer current, voltage and other electrical quantity after fault is revealed, so that we can find out the measurable fault characteristic amount and use these characteristics or derived quantities to form a practical criterion for relay protection to achieve the improvement of the existing protection scheme or to propose new protection principle and scheme. In this paper, due to the need for problem we study, the appropriate simplification can be adopted. In the neglect of the core of the magnetic hysteresis, eddy current effect and the core skin effect and based on the analysis and summary of previous experience, an analytical method to determine the parameters of the transformer's turn-to-turn short circuit fault is improved and perfected. Simulation results verify the effectiveness of the proposed algorithm.
